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The effects of salinity (NaGI) on emergence and 
seedling survival of three Namaqualand pioneer plant 
species, were investigated. In the perennial species 
(Gazania leiopoda (DC.) Ross!.), seedlings did emerge in 
the 1 % NaGI treatment (although the maximum mean 
percentage of emerged seedlings was only 2%), but not 
at the higher salinities. Seedlings of the two ephemeral 
Along the western coast of South Alrica, the sandy soils are 
rich in heavy minerals. The mining process whereby the 
heavy minerals are extracted , involves the use of sea-water 
and therefore the salinity of the mined soil can be so high 
that ptants will find it difficult to grow under these conditions 
(Environmental Evaluation Unit 1990) . Although mature 
plants of several local species are able to tolerate high salin-
ities (De Vi ll iers et al. 1997), it does not mean that they will 
germinate, emerge and survive the seedling stage under 
these conditions. 
Salinity, whether natural or induced, is a widespread envi-
ronmental stress that can limit growth and development of 
salt-sensitive plants (Rodriguez et al. 1997). Although the 
germination of seeds in saline environments has been 
examined in various studies (Ungar 1995, 1996, Baskin et 
al. 1998, Gul and Weber 1998, Masuda et al. 1999), only a 
few studies examined the effect of sal inity on emergence 
and seedling survival/growth of plant species (Chartzoulakis 
and Loupassaki 1997, Franco et al. 1997, Rodriguez et al. 
1997, Katembe et al. 1998). On saline soil, the plant encoun-
ters more problems during germination, emergence and 
early seedling growth than during later growth stages and 
may fa il to establish. Early seedling growth of some species 
appears to be less salt tolerant than during germination and 
later growth (Van Hoorn 1991 , Chartzoulakis and 
Loupassaki 1997). 
InterspecifiC differences in response to salinity and differ-
ential responses resulting from interaction of salinity with 
other environmental factors occur. Variables such as irradi-
ance and calcium content (Hyder and Greenway 1965, 
Bogemans et al. 1989, Volkmar et al. 1998), ecotypic varia-
species only emerged in the control treatment. 
Increased salinity resulted in an increased mortality rate 
of seedlings. None of the species investigated are rec-
ommended for initial revegetation purposes. To ensure 
successful restoration of mined areas in Namaqualand, 
soil salinity should be at a minimum. 
tion within species (Tiku and Snaydon 1971) , salls 
(Venables and Wilkins 1978, Watt 1983), nitrogen levels and 
temperature (Kemp and Cunningham 1981, Khan and 
Ungar 1996, Masuda et al. 1999), species (Kingsbury and 
Epstein 1986), CO, concentration (Munns and Termaat 
1986, Veo 1999) and humidity (Salim 1989), can all affect 
plant responses to salinity. 
Several studies in the Karoo, South Africa, have focused 
on factors affecting seedling establishment and survival 
(Esler and Phill ips 1994, Milton 1995), but plant responses 
to salinity has been a neglected area of study in this arid 
environment (Theron 1964, lloyd 1985, De Villiers et al. 
1994a, 1994b, 1995, 1996, 1997, 1999). 
The present study was undertaken to improve under-
standing of the responses of three Namaqualand pioneer 
species to different levels of salinity during emergence and 
the seedling stage. Information about salinity tolerance at 
the seedling stage would also provide a predictive basis for 
asseSSing the suitabil ity of different plant types and local 
species for post-mining revegetation. 
Seeds (achenes) of three local species, Gazania leiopoda 
(DC.) Ross!' , Senecio arenarius Thunb. and Senecio ele-
gans L. , were sown in 8dmj trays , containing fine sand (0.5 
- 1.1 mm particie size) , and irrigated daily under free-draining 
conditions with 2dm1 solution depending on the treatment. 
In the emergence experiment, solutions with salinities of 1%, 
2% or 3% NaCI were applied from the start (salt shock). In 
the seedl ing survival experiment, seeds in the trays were irri-
gated with distilled water for four weeks, whereafler the 
salinity of the solutions applied was raised gradually (0.5% 
NaCI per day) until the correct salinily was reached i.e. 1% , 
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2% or 3% NaCI (salt acclimation). Distilled water was used 
as a control. Half strength Arnon and Hoagland's nutrient 
solution (Hewitt 1952) was added to all dilutions. Salts, that 
might have accumulated, were leached from the soil by giv-
ing each tray 2dm" distilled water twice a week , before the 
saline solution was applied. 
Trays were placed in a Phytotron room wi th a glass roof, 
and maintained at a constant temperature of 20"C. A com-
pletely randomised design was used. Each tray contained 
20 seeds/seedlings and five replicates of each salinity treat-
ment (control; 1 % NaCI, 2% NaCI and 3% NaCI) were used 
for each of the experiments and three species. The number 
of emerged and surviVIng seedlings was noted weekly. 
Resu lts were analysed statistically using the least signifi-
cant difference one-way analysis of variance and multiple 
range test of the Statgraphics 5.0 (1989, STSG Inc .. USA) 
computer program, to test for significant differences at a 
95% confidence level. 
Salinity had a negative effect on seedling emergence of all 
three species. Seedling emergence of the perennial species 
Gazania Jeiopoda reached a maximum of 74% after three 
weeks in the control , while that in the 1% NaCI treatment 
was 2%. In the 2% NaCI and 3% NaCI treatments, no 
seedlings emerged. In the control treatment, seedlings of 
the two ephemeral species, Senecio arenarius and Senecio 
e/egans. reached maximum mean emergence percentages, 
of 19% and 87% respectively, after three weeks. No 
seedlings of the two Senecio species emerged in the 1 % 
NaGI, 2% NaGI or 3% NaGI treatments. This reduction in the 
number of emerged seedlings with increasing salinity may 
be due to a reduction and/or delay in germination, as report-
ed for both halophyte and glycophyte seeds (Ghartzoulakis 
and Loupassaki 1997 , Katembe el al. 1998). However, De 
Vi lliers el al. (1994) found that Senecio elegans had a mean 
germination percentage of 19% at a salinity of 1/3 sea-water, 
when germinated in Petri dishes at an optimum temperature 
of 15"G under light conditions. Sodium-chloride salinity was 
therefore inhibitory to germination and pre-emergence 
seedling survival. but seedlings were more sensitive to 
external salinity than seed germination. The reduction in 
emerged seedling numbers with increasing salinity could be 
a combined effect of osmotic stress (Greenway and Munns 
1980), which is more harmful to plants during the seedling 
stage, and the higher ion uptake (Dumbroff and Gooper 
1974). Some plants are generally relatively sal t tolerant dur-
ing germination , but become more sensitive during emer-
gence and the early seedling stage (Ghartzou lakis and 
Loupassaki 1997). This seems to be the case far Senecio 
e/egans, and thus any failure in these stages wi ll reduce the 
plant stand, and potential yields will be reduced far mare 
than predicted by salt tolerance data (De Villiers el a/. 1997) . 
Elevated salinity has been reported to slow down water 
uptake by seeds, thereby inhibiting their germination and 
root elongation (Werner and Finkelstein 1995). The inability 
of Senecio elegans' seedlings to emerge at the 1 % NaGI 
treatment indicated the necessity of salinity experiments at 
all growlh stages, as well as this species' unsuitability for 
revegetation on sal ine soi l. 
In the survival experiment, where saline solutions were 
applied to emerged seedlings, salinity had a negative effect 
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on the seedling su rvival percentages of all three species 
(Figures 1 a. b and c), with Senecio arenarius showing the 
lowest salt tolerance. At the start of the salinity treatment 
(after four weeks). the percentage of surviving seedlings of 
all three species rapidly decreased at the 3% NaGI treat-
ment, followed by that of the 2% NaGI treatment about a 
week later and the 1% NaCI trea tment thereafter. An 
increase in salinity therefore resulted in an increased mor-
tal ity rate of the seedlings. De Villiers el al. (1997) reported 
that the mortality rate of adult Namaqualand ephemeral 
species increased as salinity was increased. Numerous 
authors reported on increasing mortality and a reduction in 
growth rate in seedlings exposed to high salinity stress 
(Wagner 1964, Tsonev el al. 1998). 
In all NaGI treatments, seedl ings of the three 
Namaqualand pioneer species showed typical symptoms of 
sal inity stress - the tips of the outer leaves became yellow-
ish (chlorosis) , and then necrosis set in from the tips down-
ward. Yellowish leaves are indicative of many metabolic 
abnormalities, one of which is salt toxicity brought about by 
the decolouration of chlorophyll (Strogonov 1964, Seneca 
1972). 
Mortality during the first growth stages is not solely due to 
lower salt to lerance during this period, although some salt 
tolerant crops like barley, wheat, safflower and sugarbeets 
are reported to be less saline-tolerant at this paint (Maas 
and Hoffman 1977, Van Hoarn 1991). The problem appears 
to be the high sal inity in the top layer of the soil, exposing the 
germinating seed and seedlings to a higher salt concentra-
tion than at later growth stages. During the young seedling 
stage the root system is still shallow and water uptake by the 
plant is mainly limited to the top layer. Water loss from the 
top layer causes a high salt concentration, partly through a 
sharply reduced moisture content and part ly through an 
increase of the salt content due to capillary transport from 
the underlying layers (Van Hoarn 1991). 
Both interspecific and intraspecific differences occu rred, 
during seedling emergence and survival in saline soil, for the 
three species examined. The perennial species (Gazania 
feiopoda) showed a low maximum mean emergence per-
centage (2%) at the 1% NaGI trea tment, while no seedlings 
of the two ephemeral species (Senecio spp.) emerged at 
this treatment. These results support the conclusion drawn 
by Seneca (1972), that seeds do not germinate (seedling 
emergence in this case) in salinities above those that young 
seedlings can tolerate, and that this mechanism is of great 
survival value to the species. In the case of Senecio e/e-
gans, however, seeds may germinate at a soil salinity of 1 % 
NaGI (De Villiers el al. 1994b), but the seedlings will proba-
bly not survive. Germination experiments wi ll determine if 
the same is true for the other two species examined. The 
mortality rate of Gazania /eiopoda and Senecio e/egans 
seedlings was also slower than that of Senecio arenarius. 
Between the two Senecio species, di fferences were 
observed for mean emergence percentages as well as for 
the mortality rate at different salinities. The negative effect of 
salinity on the emergence and survival of these species 
implies that the salinity of the soil should be very low (resist-
ance above - 2 OOOW) for successful seedling emergence, 
and the soil salinity should be kept relatively low for better 
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Figure 1: Seedling survival, as a percentage of the original emer· 
gence percentage, of a) Gazania leiopoda, b) Senecio arenarius, 
and c) Senecio e/egans, at different soil salinities 
seedling survival. This estimated resistance value is higher 
than that occurring in soils of some of the undisturbed areas 
at the study site, which ranges from S70 to 3 OOOW, and may 
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explain the limited distribution of Ihese species at the study 
site. The species examined will not emerge or survive in 
areas where mining has just been completed, as the salini-
ties of these recently mined soils are higher (resistance 
ranging from 70 to I SOOW) Ihan thai requi red for success-
fu l emergence and survival (resistance above - 2 OOOW) . 
Therefore, none of the three species examined are recom-
mended for initial revegetation purposes. However, areas 
sampled two years after being mined had lower soil salinities 
(resistance ranging from 630 to 4 300W) than recently 
mined areas. For the species examined, the potential to con-
tribute towards revegetation processes at the study area, will 
increase with time. 
In practice the effect of salinity on germination and emer-
gence may be much worse than in laboratory experiments, 
and will differ according to soil and season (Van Hoarn 
1991) . High temperature will increase evaporation and cap-
il lary rise of salts, while low temperature may delay germi-
nation and emergence to such an extent that the seedlings 
are caught in the crust formed in the meantime. Rainfall will 
decrease the salinity of Ihe lop layer bul may also induce 
harmful crusting. Field experiments are therefore essential 
and together with mean precipitation levels will give insight 
into emergence and seedling survival in situ, as well as to 
the extent to which irrigation should be used. 
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